The virulence plasmid pJM1 enables the fish pathogen Vibrio anguillarum, a gram-negative polarly flagellated comma-shaped rod bacterium, to cause a highly fatal hemorrhagic septicemic disease in salmonids and other fishes, leading to epizootics throughout the world. The pJM1 plasmid 65,009-nucleotide sequence, with an overall G؉C content of 42.6%, revealed genes and open reading frames (ORFs) encoding iron transporters, nonribosomal peptide enzymes, and other proteins essential for the biosynthesis of the siderophore anguibactin. Of the 59 ORFs, approximately 32% were related to iron metabolic functions. The plasmid pJM1 confers on V. anguillarum the ability to take up ferric iron as a complex with anguibactin from a medium in which iron is chelated by transferrin, ethylenediamine-di(o-hydroxyphenyl-acetic acid), or other iron-chelating compounds. The fatDCBA-angRT operon as well as other downstream biosynthetic genes is bracketed by the homologous ISV-A1 and ISV-A2 insertion sequences. Other clusters on the plasmid also show an insertion element-flanked organization, including ORFs homologous to genes involved in the biosynthesis of 2,3-dihydroxybenzoic acid. Homologues of replication and partition genes are also identified on pJM1 adjacent to this region. ORFs with no known function represent approximately 30% of the pJM1 sequence. The insertion sequence elements in the composite transposon-like structures, corroborated by the G؉C content of the pJM1 sequence, suggest a modular composition of plasmid pJM1, biased towards acquisition of modules containing genes related to iron metabolic functions. We also show that there is considerable microheterogeneity in pJM1-like plasmids from virulent strains of V. anguillarum isolated from different geographical sources.
The virulence plasmid pJM1 enables the fish pathogen Vibrio anguillarum, a gram-negative polarly flagellated comma-shaped rod bacterium, to cause a highly fatal hemorrhagic septicemic disease in salmonids and other fishes, leading to epizootics throughout the world. The pJM1 plasmid 65,009-nucleotide sequence, with an overall G؉C content of 42.6%, revealed genes and open reading frames (ORFs) encoding iron transporters, nonribosomal peptide enzymes, and other proteins essential for the biosynthesis of the siderophore anguibactin. Of the 59 ORFs, approximately 32% were related to iron metabolic functions. The plasmid pJM1 confers on V. anguillarum the ability to take up ferric iron as a complex with anguibactin from a medium in which iron is chelated by transferrin, ethylenediamine-di(o-hydroxyphenyl-acetic acid), or other iron-chelating compounds. The fatDCBA-angRT operon as well as other downstream biosynthetic genes is bracketed by the homologous ISV-A1 and ISV-A2 insertion sequences. Other clusters on the plasmid also show an insertion element-flanked organization, including ORFs homologous to genes involved in the biosynthesis of 2,3-dihydroxybenzoic acid. Homologues of replication and partition genes are also identified on pJM1 adjacent to this region. ORFs with no known function represent approximately 30% of the pJM1 sequence. The insertion sequence elements in the composite transposon-like structures, corroborated by the G؉C content of the pJM1 sequence, suggest a modular composition of plasmid pJM1, biased towards acquisition of modules containing genes related to iron metabolic functions. We also show that there is considerable microheterogeneity in pJM1-like plasmids from virulent strains of V. anguillarum isolated from different geographical sources.
The fish pathogen Vibrio anguillarum strain 775 is the causative agent of vibriosis, a highly fatal hemorrhagic septicemic disease (3) . This bacterium disseminates in the vertebrate host by using the otherwise unavailable iron bound by high-affinity iron binding proteins, such as transferrin and lactoferrin. Furthermore, V. anguillarum 775 has the ability to grow in vitro in media in which iron is chelated by transferrin, ethylenediamine-di(o-hydroxyphenyl-acetic acid), and other iron chelators (15, 40) . The metabolic pathway supporting the ability of this bacterium to grow under iron-limiting conditions is linked to the presence in the bacterial cells of the virulence plasmid pJM1 (15) .
Iron metabolic plasmids are rare; in addition to the pJM1-like plasmids only the pColV-K30 family of plasmids, identified in human clinical strains of Escherichia coli and other enteric bacteria, have been associated with iron metabolism. However, the pJM1 and pColV-K30 plasmid-mediated iron uptake systems are unrelated (17, 49) . pJM1-like-plasmids, usually around 65 to 67 kbp, have been reported by us and others in different virulent V. anguillarum strains isolated from many epizootics throughout the world (30, 32, 46) . In this family of plasmids the best characterized is the 65-kb pJM1 plasmid that has been isolated from the V. anguillarum strain 775 and is the one that we chose to sequence. The diverse biochemical features of the pJM1 gene products and the possibility of horizontal evolution provided by the existence of insertion elements surrounding some of these genes make this fascinating plasmid also of interest for the study of evolutionary ecology.
Here we report the nucleotide sequence and annotation of the entire pJM1 virulence plasmid from V. anguillarum strain 775.
MATERIALS AND METHODS
Bacterial strains, plasmids, and growth conditions. V. anguillarum strain 775 harboring the virulence plasmid pJM1 was grown in M9 minimal medium supplemented with mineral salts and Casamino Acids (Difco) as previously described (51) . Plasmids carrying subclones from pJM1 were propagated in E. coli HB101 in Luria-Bertani medium in the presence of chloramphenicol (30 g/ml). Plasmid DNA was extracted using the Qiagen Midi kit.
Determination of the pJM1 sequence. Sequencing primers were designed using Oligo 6.8 primer analysis software and purchased from the Oregon Health and Science University-Molecular Microbiology and Immunology (OHSU-MMI) Research Core Facility (http://www.ohsu.edu/core) and Invitrogen. The DNA template used for sequencing reactions was either the complete pJM1 plasmid or fragments cloned using pBR325 as cloning vehicle. DNA sequencing reactions were carried out manually by the chain-termination method and by the OHSU-MMI Research Core Facility using a model 377 Applied Biosystems Inc. automated fluorescence sequencer. Base calling was performed on a Macintosh computer with the ABI base-calling program. Cycle sequencing was performed with AmpliTaq FS DNA polymerase with "Big-Dye" labeled terminators, both from Applied Biosystems Inc. The Sequencher software (Gene Code Corporation) was used for sequence assembly and editing. Codon usage tables were generated by the GCG Wisconsin Package. Coding regions were identified with BLAST (6) . Coding sequences with associated ribosome binding sites were predicted with GENEMARK (9) and GLIMMER (http://www.tigr.org/software /glimmer/) and compared to the BLAST alignments to establish the coding sequence start. Regions lacking identified open reading frames (ORFs) and giving no BLAST results but revealing, on visual inspection, coding sequences with ribosomal binding sites were included in the annotation. GϩC content analyses were performed with Oligo 6.8 primer analysis software.
Nucleotide sequences accession number. The complete circular nucleotide sequence of pJM1 from V. anguillarum strain 775 has been deposited in the GenBank sequence library and assigned the accession number AY312585.
RESULTS
Nucleotide composition. The circular plasmid is comprised of 65,009 bp, and the overall GϩC content is 42.6%, which is slightly lower than the average GϩC content of the two V. anguillarum 775 chromosomes (44%) (36) . The GϩC content is also reflected by the lack of restriction sites for AscI (GGC GCGCC), NotI (GCGGCCGC), and SrfI (GCCCGGGC) and the presence of only one site for FseI (GGCCGGCC). The bias towards A and T in the third codon position is also a consequence of this structural feature (data not shown).
With no demonstrated origin of replication (see below), position 1 of the sequence was arbitrarily assigned to 290 nucleotides upstream of a BamHI site, which corresponds to the last base of the angM gene (ORF1). A total of 86.6% of the plasmid genome appears to have a coding function, and 41 of the 59 ORFs either correspond to biochemically characterized proteins or can be correlated with assigned or described functions by high degrees of similarity to sequences in the databases. Additionally, 18 ORFs predicted by GENEMARK, GLIMMER, or visual inspection but having no significant similarity to sequences in the databases may be functionally relevant (Table 1) . Two additional genes, rnaA and rnaB, were found on the pJM1 plasmid and were shown to encode two antisense RNAs. The ORFs and the two antisense RNA genes are distributed between the strands in a ratio of 36 on one and 25 on the other strand.
ORF analysis. A graphical representation of the 59 known or predicted ORFs, and the two antisense RNA genes, appears in Fig. 1 . Their relationships to representative homologues in databases are detailed in Table 1 . Two ORFs, identified by using GLIMMER software, are not included in Table 1 because they are encoded within ORF54 in the opposite strand, they show no homology with any known proteins or ORFs in GenBank, and no obvious Shine-Dalgarno sequence was identified upstream of the AUG of these ORFs.
Based on gene similarity search results, functions associated with ORFs may be classified into the following categories: utilization of iron, transposition, and replication-partition (Table 1).
In Fig. 2 the GϩC content of each ORF is shown, including the relative position of insertion sequence (IS) elements.
Utilization of iron.
The predicted metabolic abilities linked to pJM1 center on iron uptake and utilization (Fig. 1) . We have demonstrated that the genes fatDCBA (ORF3 to ORF6) confer on pJM1-carrying bacteria the ability to utilize ferric anguibactin and so are part of the pathway of iron utilization (2, 4, 5, 26) . We also demonstrated that the genes angM (ORF1), angR (ORF7), angT (ORF8), angN (ORF10), and angBG (ORF41) encode nonribosomal peptide synthetases while angU (ORF9) and angH (ORF13) encode tailoring enzymes for the biosynthesis of anguibactin, since transposon insertions in each of these genes resulted in no siderophore production (17, (40) (41) (42) . Other ORFs encoded on pJM1 (ORF39 to ORF43 and ORF59) show high similarity to siderophore biosynthetic genes found in other bacteria, and some of them could intervene in anguibactin biosynthesis. The homologies in Table 1 suggest that the predicted polypeptides of these ORFs could play a role in the early stages of anguibactin biosynthesis: ORF39 (AngD) is a phosphopantetheinyl transferase; ORF41 (AngBG) possesses the isochorismate lyase and aryl carrier protein (ArCP) domains; ORF42 (AngE) is the 2,3-dihydroxybenzoic acid (DHBA) AMP ligase; and ORF43 (AngC) is an isochorismate synthetase. ORF40 may have a function in the transport of ferric anguibactin into the cell cytosol. Upstream of angM (ORF1) there is another ORF (ORF59) with similarity to a stretch of 159 amino acids within the amino acid sequence of the 2,3-dihydro-DHBA dehydrogenase of Vibrio cholerae, the last enzyme in the DHBA biosynthetic pathway (52) . Further upstream of ORF59 is a small (23-amino-acid) ORF that corresponds to the amino-terminal end of the 2,3-dihydro-DHBA dehydrogenase. It is thus possible that ORF59 could have been generated by a frameshift of the original full-length gene, resulting in a shorter ORF truncated at the amino-terminal end. The small ORF upstream of ORF59 has not been included in Table 1 .
Retrobiosynthesis of anguibactin indicates that it is composed of one molecule of DHBA, one of cysteine, and one of N-hydroxyhistamine (1, 22) . Cysteine is converted to a thiazoline ring, through cyclization, in the process of synthesis, and N-hydroxyhistamine is obtained from the modification of histidine.
In V. anguillarum strain 775, the anguibactin precursor DHBA is synthesized by chromosome-encoded proteins, as shown by the ability of the plasmidless strain to produce DHBA (11), although some virulent strains of V. anguillarum, such as 531A, rely on the pJHC1 (a pJM1-like plasmid)-encoded AngBG protein for the synthesis of this precursor (50) . The amino terminus of the pJHC1-encoded AngBG possesses the isochorismate lyase activity, thereby explaining the need for this protein for the synthesis of DHBA in this strain (50) . Analysis of mutations in the angB ORF of pJHC1 provided evidence that, in addition to angB, an overlapping gene, angG, exists at this locus and that it encodes polypeptides which are in frame to the carboxy-terminal end of the isochorismate lyase. The carboxy terminus of AngBG encodes an ArCP domain that is also present in the internal AngG polypeptides and is where phosphopantetheinylation occurs at a conserved serine residue, the phosphopantetheinylate moiety acting as an acceptor of an activated aryl or amino acid group (50) . In strain 775 the angBG gene is also found on the pJM1 plasmid (ORF41); however, we do not know at present if the product of this gene is essential for anguibactin biosynthesis, as is the case for strain 531A. The enzymology of anguibactin biosynthesis is still under investigation; however, predictions can be made based on our knowledge of the structure of this siderophore, genetic evidence, and functions of potential biosynthetic proteins inferred by homology studies (17, 39) . The results of this combined genetic and in silico analysis are shown in the model in Fig. 3 . In the biosynthesis of other phenolic siderophores, activation of DHBA, before loading on the specific ArCP domain, occurs by the action of a 2,3-dihydroxybenzoate-AMP ligase, VibE in vibriobactin biosynthesis in V. cholerae, and EntE in enterobactin biosynthesis in E. coli. ORF42 in pJM1 shows homology with VibE and EntE adenylation domains (Table 1) , suggesting that it could act as the 2,3-dihydroxybenzoate-AMP ligase in anguibactin biosynthesis. The activated DHBA is then ligated to the phosphopantetheinyl moiety in AngBG. Phosphopantetheinylation of this protein might have occurred by the action of the pJM1-encoded AngD (ORF39), showing homology to phosphepantotheinyl transferases. The pJM1 plasmidencoded proteins AngR (ORF7), AngM (ORF1), and AngN (ORF10) must play a role in subsequent biosynthetic steps, although AngR, in addition to its biosynthetic function, is also essential for regulation of iron transport gene expression (13, 16-18, 34, 39, 42, 51) . Cysteine, one of the anguibactin precursors, is likely activated by the A domain of AngR. Activated cysteine is then loaded onto the peptidyl carrier protein (PCP) domain of AngM. Although the AngR amino acid sequence Table 1 are given under the protein designations. Abbreviations: DHB, DHBA and radicals thereof such as a diphenolic ring; Cyst, cysteine; Thiaz, thiazoline ring; PPant, phosphopantetheinyl moiety; isochor., isochorismate.
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released from the PCP domain of AngM by nucleophilic attack of N-hydroxyhistamine to the phosphopantetheinyl arm of the PCP domain of AngM. N-Hydroxyhistamine is produced by modification of histidine catalyzed by the histidine decarboxylase AngH (ORF13) (41) and a monooxygenase homologue, AngU (ORF9). AngT (ORF8), the thioesterase identified in this system, is not included in this model because it does not appear to be strictly necessary for anguibactin production, since an angT mutant results in only a 17-fold-lower yield of anguibactin (17, 51) . After anguibactin is synthesized, it is secreted to the extracellular space. Two ORFs (ORF14 and ORF15), downstream of angH, related to the ABC-type transporter, are perhaps involved in secretion as part of the complex that exports anguibactin to the extracellular space. After the siderophore is secreted and bound to iron, the ferric siderophore complex is transported to the cytosol via a highly specific transport system (2, 4, 5, 26, 40, 44, 45) . In V. anguillarum 775 this system includes the outer membrane receptor FatA (ORF6), which binds ferric anguibactin and shuttles it to the periplasm (2, 5). The energy necessary for this transport is mediated by a chromosomally encoded TonB-ExbB-ExbD complex, which interacts with the FatA protein (M. Stork, M. L. Lemos, and J. H. Crosa, unpublished data).
The next step in internalizing the ferric siderophore complex involves the periplasmic binding protein FatB (ORF5). FatB is a lipoprotein (4) that is anchored to the inner membrane, unlike the E. coli homologues FhuD and FepB, which are free in the periplasm (25, 37) .
We believe that the last step in internalization of ferric anguibactin involves the inner membrane proteins FatD (ORF3) and FatC (ORF4) and that these catalyze the transport of ferric anguibactin from the periplasm to the cytosol (5, 26) . In other systems, such as the ferrichrome and enterobactin systems, the energy for this transport through the inner membrane is provided by an ATP-binding protein (7, 24, 31) . ORF40 shows homology with many of these iron(III) ATP-binding proteins and could provide the missing ATP-binding domain of the permease complex, although the activity of chromosomally encoded ATP-binding proteins cannot be ruled out.
The genes fatABCD together with the genes angR and angT are located in the iron transport-biosynthesis (ITB) operon ( Fig. 1) (51) . Regulation of this operon is carried out at the transcriptional level by the positive regulator AngR and the chromosomally encoded negative regulator Fur and at the posttranscriptional level by two antisense RNAs, RNA␣ and RNA␤, encoded within this operon by the rnaA and rnaB genes, respectively ( Fig. 1) (12, 35, 47, 48 ). These two genes have been shown to encode RNAs that are not translated. Another positive regulator of the ITB operon, the trans-acting factor (TAF), is encoded in a region noncontiguous to this operon encompassing ORF29 to ORF53 (40, 45, 50) . The TAF determinants have not been identified as yet, and no ORF included in the TAF region shows homology with regulatory proteins, with the exception of ORF51, which shows very low homology (24% identity) to an E. coli arylsulfatase regulatory protein.
Insertion elements and transposons. The ITB operon and the biosynthetic genes angU (ORF9) and angN (ORF10) are located within a structure that resembles a transposon, flanked by the almost identical ISV-A1 and ISV-A2 elements (44) . There is a second putative composite transposon on pJM1 that contains homologues of genes (ORF39 to ORF43) involved in the synthesis of DHBA, one of the anguibactin precursors (Table 1) . These genes are also organized as a cluster that is flanked by identical ISV-A2 sequences. 2 shows very clearly that the ISV-A2-flanked DNA has an average GϩC content of 39.3%, significantly lower than the average GϩC content of the pJM1 plasmid, suggesting a horizontal acquisition of this composite gene region. A third set of ORFs, ORF1 (angM) and ORF59, is flanked by ISV-A1 and ISV-A2 sequences, although the ISV-A2 element is interrupted at the 5Ј end of the putative transposase gene by an insertion of a sequence containing four ORFs (ORF54 to ORF57). It is of interest that one of these ORFs (ORF54) shows homology to a transposase gene, while another, ORF55, shows high similarity to a resolvase. ORF56 shows similarity to spnT, a Serratia marcescens gene encoding a protein with no homologues, although when overexpressed it affected both sliding motility and prodigiosin production in this bacterium (21) . The other ORF in this cluster, ORF57, encodes a predicted protein with homology to RecX, a recA regulator (38) . Furthermore this cluster is flanked by 5-bp direct repeats, suggesting that the interruption of the ISV-A2 transposase gene (ORF58) could have resulted from insertion of a transposon containing these four ORFs.
Besides ISV-A1 and ISV-A2, pJM1 carries several hypothetical IS elements ( Table 1) . Two of them show homology to a Vibrio metschnikovii ISVme insertion sequence, and they both contain all three ORFs found in this IS element. These two identical ISVme-like sequences flank a region of 24,085 bp containing 27 ORFs (from ORF19 to ORF45), almost half of the coding capacity of pJM1. Another IS element, RS1 carrying ORF21, which shows homology to a transposase, is found as a single copy in pJM1. Two other ORFs, ORF12 and ORF50, show similarity to transposases; however, no other components of ISs were identified.
Replication and partition. The pJM1 plasmid replicates at a copy number of 1 to 2 in V. anguillarum cells (10) . ORF19 to ORF28, encoding hypothetical proteins that could be involved in replication and partition, are clustered adjacent to the TAF region. ORF19 shows homology with the RepA protein of Aeromonas salmonicida plasmid pRAS3 (28) . The presence of four 21-bp direct repeats in the proximity of ORF19, spanning bp 29013 to 29136, and the relatively low GϩC content of 33.7% are consistent with the existence of a possible oriV in this region. The predicted amino acid sequences of ORF27 and ORF28 show similarity to those of ParB and ParA, respectively. In other systems, the plasmid-encoded ParA and ParB proteins form one operon autoregulated by the Par proteins. The ParA protein is an ATPase that assembles with ParB subunits and forms a nucleoprotein complex that binds to a cis-acting centromere-like site, parS (27) . As predicted for ParA proteins, ORF28 exhibits at its N terminus an ATP-GTPbinding consensus sequence (19) . In other bacteria, homologues of parA and parB map adjacent to the chromosomal and plasmid origin regions of replication (29, 33) , and this is the case for pJM1. Experiments are being carried out to characterize the functions of the pJM1 replication region.
The microheterogeneity of pJM1-like plasmids in strains of V. anguillarum. Different virulent V. anguillarum strains har- boring the pJM1-like-plasmids showed microheterogeneity in their restriction endonuclease patterns. A listing of the BamHI restriction fragment length polymorphisms as well as the BamHI profiles for several naturally occurring pJM1-like virulence plasmids that we have examined is given in Fig. 4 .
DISCUSSION
The presence of genes of a complex biosynthetic pathway for a siderophore and the carriage of the iron transport operon together with its role in virulence of V. anguillarum 775 are unique features of plasmid pJM1 (15, 16, 17) . The 65,009-nucleotide sequence, with an overall GϩC content of 42.6%, revealed 59 genes and ORFs encoding functions associated with utilization of iron, transposition, and partition. Approximately a third of these ORFs and genes are related to iron metabolic functions, including ferric anguibactin transport proteins, nonribosomal peptide enzymes, and other proteins essential for the biosynthesis of the siderophore anguibactin. The majority of the ORFs encoding iron metabolic functions were experimentally demonstrated to be involved in anguibactinmediated iron metabolism (ORF1 to ORF13). Other ORFs with homology to proteins involved in the biosynthesis and activation of the precursor of anguibactin DHBA, such as ORF39 to ORF43, were also identified. Our recent work has demonstrated that one of these, ORF42, named angE, encodes a 2,3-dihydroxybenzoate-AMP ligase that could act in activating DHBA. In a previous publication we reported that the angE homologue in plasmid pJHC1, a pJM1-like plasmid found in V. anguillarum strain 531A, was not essential for anguibactin production (50) . A deletion that eliminated a region including the angB and angE genes was complemented by just the angB gene, demonstrating the existence of a chromosomal homologue of the angE gene in this strain (50) . We have recently identified in the 775 strain chromosome homologues of angE and other genes involved in the production, activation, and incorporation of DHBA in the anguibactin biosynthetic pathway; therefore, the pJM1 plasmid-carried angE gene in the 775 strain might not be essential for anguibactin biosynthesis (unpublished data). It is of interest that the amino acid sequence of this chromosomally encoded AngE is identical to that reported previously (reference 20 and our unpublished results). It is also of interest that ORF39 to ORF43 are organized as a cluster that is flanked by ISV-A2 sequences and that the DNA in this cluster shows an average GϩC content of 39.3%, significantly lower than the average GϩC content of the pJM1 plasmid. It is tempting to speculate that this ISV-A2-flanked structure is a transposon that has been horizontally acquired from other bacteria. Furthermore, the existence of chromosome homologues for some of these ORFs suggests the attractive possibility that there could also have been an integration event in one of the two V. anguillarum chromosomes. Curiously, the ITB operon, fatDCBA-angRT (ORF3 to ORF8, respectively), and other anguibactin biosynthetic genes, angU (ORF9) and angN (ORF10), located downstream of this operon, are also bracketed by the highly related ISV-A1 and ISV-A2 ISs. Nevertheless, the fact that ORFs and genes on pJM1 are flanked by IS elements does not necessarily imply that the composite structures are transposons, since the relative orientation of the flanking IS elements is not always as found with the IS elements flanking known composite transposons such as Tn5, Tn7, and Tn10 (8, 14, 23) . The positions of IS elements forming a composite transposon-like structure, corroborated by the GϩC content of the pJM1 sequence, suggest a modular composition of the virulence plasmid pJM1 of V. anguillarum strain 775 biased towards acquisition of transposon modules containing genes related to iron metabolic functions. An important final step is the secretion of the siderophore to the extracellular milieu, a still-unsolved question for siderophore-mediated iron transport systems. In this vein, although not yet proven, ORF14 and ORF15 could function in the export of anguibactin, since these ORFs show homology to ABC transporters involved in efflux. Elucidation of their function, if any, will have to await current genetic analysis.
Regions that have features consistent with replication and partitioning functions have been identified adjacent to the TAF region. It is possible that the product of ORF19 is a replication protein that interacts with the 21-bp repeats located in proximity. Whether these sequences are truly involved in these functions await further analysis, which is currently being carried out.
We also report in this work considerable microheterogeneity in pJM1 plasmids isolated from many parts of the world, even from both the east and west coasts of the United States. Previous work has also shown microheterogeneity in many other examples of pJM1-like plasmids (30, 32, 42, 43) . For instance the pJM1-like plasmid pJHC1 from strain 531A shows two major changes, two extra insertions of the RS1 sequence and also an angR gene that has a single nucleotide change that results in an amino acid substitution in the AngR protein (H267N). This change was associated with an increased anguibactin production not only in the 531A strain but also in other strains in which the AngR protein shows this H-to-N alteration (42) . In other cases the existing microheterogeneity has only been characterized by restriction endonuclease analysis without further genetic analysis (30, 32, 43) .
Recently a partial sequence of a pJM1-like plasmid (pEIB1) was submitted to GenBank (accession number AY255699). This plasmid is another example of the microheterogeneity of the pJM1-like plasmids: pEIB1 differs from pJM1, in the sequence of at least two anguibactin biosynthesis genes. The angR sequence has the H267N substitution found in several pJM1-like plasmids that leads to a higher siderophore production phenotype (42) , while the angN sequence shows an internal deletion compared with the angN gene present in pJM1. The deletion in this pJM1-like plasmid resulted in a frameshift splitting the angN gene (ORF10 in pJM1) into two ORFs, truncating the first Cy domain of AngN while leaving the second Cy domain intact. It would be of interest to know whether the strain harboring the pJM1-like plasmid with this angN deletion is still able to produce anguibactin. Since there is no information on the origin of the strain, we cannot identify whether this plasmid is one of the already described pJM1-like plasmids. Furthermore, this partial sequence submission erroneously assigns homology of the ORF JM15, which is 100% homologous to our ORF56, to the TcbA insecticidal toxin from Photorhabdus luminescens (GenBank accession number AAC38627). By our analysis ORF56, and thus JM15, shows only low homology (20% identity) to an 110-amino-acid stretch of the 2,504-amino-acid-long TcbA protein. Conversely, we found a strikingly high homology (92% identity [ Table  1 ]) of the predicted 464-amino-acid product of ORF56, and thus JM15, to the 464-amino-acid-long SpnT (GenBank accession number AAN52497), an S. marcescens protein possibly involved in both sliding motility and prodigiosin production in this bacterium (21) .
Our complete sequence analysis and annotation of pJM1 present for the first time the entire sequence of an iron metabolic regulon that is in its majority encoded on a plasmid and that is an essential factor of virulence in V. anguillarum infections of fish.
